BHK21 cells transformed by polyoma virus have been shown to release protein into the medium which is more glycosylated than that released by normal BHK21 cells. Correspondingly the residual protein in all membrane fractions (particularly plasma and smooth reticulum membranes) has a lower degree of glycosylation in transformed cells. The glycoproteins in these fractions and in saline washes of normal and transformed cells have been compared by electrophoresis in acrylamide gels. The washes from transformed cells contain a component of molecular weight about I35,ooo which is more highly glycosylated than the corresponding component of normal cells. The corresponding membrane fractions of transformed cells are much less glycosylated. It is suggested that transformation by polyoma virus is accompanied by defects in the synthesis or assembly into the membranes of a large component with a high aminosugar to amino acid content.
INTRODUCTION
Several important behavioural changes accompanying neoplastic transformation involve alteration of cell surface, and they have been recognized to represent key events in oncogenesis. Biochemical analysis of the membranes of normal and virus transformed cells grown in vitro should provide information on the nature of these changes (Meezan et al. ~969, Sheinin & Onodera, ~97o) . Membrane glycoproteins seemed to be altered by transformation, but the poor resolving power of the chromatographic techniques used did not allow identification of the altered surface components. More recently the molecular weight of glycopeptides containing fucose and aminosugar has been shown to be greater in RSV-transformed hamster cells than in normal cells (Buck, Glick & Warren, I97O) ; such a finding appears to be a rather general one, as it has been confirmed with cells from three species, transformed with four viruses (Buck, Glick & Warren, I97 0. This paper reports attempts to identify the components of membrane which are changed after transformation by polyoma virus.
METHODS

Cells and Virus.
The BHK/Py cell line has been derived from BHK 2I/CI3 after transformation with the Lv strain of polyoma virus; both lines are passaged in Minimal Essential Medium 0.25/1.3 M random growth, are oncogenic for hamster, have complement fixing T-antigen, are agglutinated by Concanavalin-A and appear to be free of polyoma virus; tests for mycoplasma were negative. Stock material for cell fractionation has been prepared by pooling early passage harvests from dense cultures grown in complete medium in 200 ml. flat bottles: cells were scraped into phosphate buffered saline (PBS), washed once and stored at -74 °. Previous experiments with two other independently transformed clones gave similar results.
Labelling of cell-cultures. The medium in sparsely seeded cultures was replaced with fresh medium containing labelled precursors, and the cells were harvested with versene 2 days later, in the late log phase of growth; tryptose phosphate broth was omitted from cultures incorporating labelled amino acids; [l~C]-D-Glucosamine and [14C]-L-amino acid mixture were used at 0"5 to 2/~c/ml. ; [aH]-D-Glucosamine and [3HI-L-amino acid mixture were used at ~ to 8 #c/ml. Radiochemicals were supplied by New England Nuclear Co. Frankfurt/ Maiin, West Germany.
Preparation of cell fractions. Labelled and unlabelled washed cells were mixed in appropriate amounts and homogenized in 5 vol. of5o mM-tris buffer pH 7"4 with a Dounce homogenizer. Cell fractions were obtained from the homogenate following the indicated procedure (Fig. ~) 
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x 35 first 6oog sediment on multi-step sucrose gradients; endoplasmic reticulum membranes were obtained by sedimentation in a two-step sucrose gradient of the microsomal sediment spun at IO5,OOOg. Membrane fractions were checked by electron microscopy and exhibited the characteristic feature of large (M0 and small (M2) smooth vesicles and rough membrane vesicles (M3). Procedures for isolation of cell membranes were derived essentially from Dallnet, Bergstrand & Nillson 0 968); nuclear fractions were obtained as described by Chauveau, Moul6 & Rouiller (I956) .
Determination of the specific radioactivity of cell fractions. Cell fractions were resuspended with a Potter-Elvehjem homogenizer in 5o mM-tris buffer pH 7"4 and the protein content of the suspension was determined according to Lowry Gel electrophoresis. Samples of labelled proteins were subjected to acrylamide electrophoresis at pH 4"5 in 8 M urea according to Reisfeld, Lewis & Williams (~962) as this cationic discontinuous system showed the best resolving power for membrane components as compared with anionic systems with and without sodium dodecyl sulphate (SDS). SDSelectrophoresis, however, was used according to Dunker & Rueckert (I969) for determination of molecular weight. The gels were sectioned with a Savant Autogeldivider and fractions were counted following Maizel 0966). The recovery of input radioactivity was about 50 ~ for cationic electrophoresis and about 70 ~ for SDS-electrophoresis. Usual chemicals were supplied by Carlo Erba, Milan, Italy; special chemicals by Sigma Chem. Co. St Louis, Missouri, U.S.A.
RESULTS
Both normal and transformed ceils released substantial amounts of macromolecular material into the medium; this was readily detected as TCA precipitable counts in clarified media from cultures growing in the presence of labelled amino acids or glucosamine (Table ~) , but it was difficult to estimate its amount or its specific activity, owing to the excess of serum proteins present. It is clear, however, that there was an excess of counts derived from glucosamine over counts derived from amino acids, as compared with their relative amounts in the whole cultures or in the cells themselves; therefore the bulk of labelled material recovered in the medium may not have been derived solely from disrupted cells, nor did it resemble the soluble component of the cytoplasm, Rather, it can be assumed that some highly glycosylated molecules were released preferentially into the medium. In this respect there was an important difference between normal and transformed ceils, the latter releasing much more highly glycosylated material. Further counts were released from labelled cells into saline; the ratio of I~C/~H was low and similar to that obtained with soluble cytoplasmic fractions in the case of normal cells, while for transformed cells this ratio was higher, and one must again assume that highly glycosylated molecules were released preferentially. Table ~ from cultures of normal and transformed cells grown in the presence of equal amounts of labelled precursors; several membrane fractions from transformed cells had a 14CfaH ratio distinctly lower than normal, and in general they showed a decrease of counts from glucosamine such that they must have lost some during the preparation.
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M1 and M2 membrane fractions were then prepared from cells labelled with glucosamine and amino acids and mixed for appropriate comparison by co-electrophoresis on acrylamide gel. Fig. 2a and 2b shows the separation patterns of the M1 fractions from normal and transformed cells, respectively. Normal cells showed a group of large peaks with slow mobility with a high ratio of glucosamine to amino acid; by contrast there was a marked decrease of counts derived from glucosamine in the corresponding region of the pattern from transformed cells. This was confirmed by direct comparison of M1 fractions from normal and transformed cells, differently labelled with glucosamine (Fig. 2¢) or with amino acid (Fig.   2 d) : the striking decrease of glucosamine counts was accompanied by very minor changes in the migration pattern of the amino acid label. Similar evidence was obtained with the M2 fraction, as shown in Fig. 3 . Here the main difference was confined to a well-resolved peak, and again there was a small shift of the amino acid label and a large relative decrease of the glucosamine label in one of the major components of the transformed cells. A rough estimate of the molecular weight of the altered component has been obtained with the SDS-acrylamide method. The mobility of the membrane glycoprotein with decreased amino-sugar to amino acid ratio in transformed cells as compared with normal cells was very close to that of the standard protein with molecular weight of I35,ooo. Fig. 4a and b compares sos and pH 4"5 fractionations of the two materials recovered from wash-saline of normal and transformed cells labelled with glucosamine. It is apparent with either method that the wash material from transformed cells contained a highly glycosylated component that was almost lacking in the wash from normal cells. Fig. 4c and d shows that in either condition the major glycosylated peak present in the wash of transformed cells migrated in the same position (mol. wt around I35,ooo) as that component which was missing in transformed membranes.
DISCUSSION
The results support the idea that cellular transformation involves alterations of cell membranes and of their structural glycoproteins. Such alterations may depend on the synthesis of abnormal membrane polypeptides, and therefore in a change of the substrates for membrane glycosyltransferases, or on changes of the glycosylating enzymes themselves. Tl-~is has become a central problem in malignant transformation as it is of crucial importance in order to get insight into the mechanisms linking the genetic alteration with its phenotypic expression. Unfortunately this problem is now far from being elucidated. An interesting approach has been made by Bosman, Hagopian & Eylar (1968) by the study of the enzymic activity responsible for the synthesis of membrane glycoproteins in normal and virustransformed cell-lines: the latter had increased activities of these enzymes assayed with exogenous receptors from fetuin or bovine submaxillary gland glycoproteins. They suggested that this increased activity of transferases might be responsible for the synthesis of abnormal membrane glycoproteins, although it could not explain the defect in glycolipid synthesis reflected in the presence of incomplete carbohydrate chains in gangliosides from transformed cells (Hakomori & Murakami, 1968; Mora et al. I969; Sheinin et al. 1971) .
The loss of a surface glycosylated component that we found in transformed cells is consistent with the data of Burger (1969) and of Inbar & Sachs (1969) concerning the exposure on the surface of transformed cells of aggIutinin receptor sites which can also be exposed in normal cells by releasing surface components by protease treatment. Efforts are being made in our laboratories to isolate and to characterize this surface glycoprotein in order to assess its role in maintaining the normal growth properties and to detect the structural differences responsible for its release from transformed cells.
